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ABSTRACT: Recent accounting scandals and the subsequent increased regulation and standards require the auditor to take greater care in assessing the risk of material misstatements. We show that there may be value in considering the adoption of the fuzzy logic approach in making materiality assessments.  Traditionally when auditors encounter misstatements during the course of an audit, they make a binary decision as to whether the misstatement is material or not, paying more attention to quantitative factors and less to qualitative factors. We propose a fuzzy expert system approach that assesses materiality as a continuous characteristic by allowing a misstatement to possess a degree of materiality between 0 and 1. This approach provides the auditor with more flexibility, greater precision, and deeper insight regarding subsequent testing and investigation. We provide a case study that compares the auditor’s use of the classical approach to the fuzzy logic approach. Using the classical approach, the auditor may consider all of the misstatements to be immaterial both individually and in aggregate, be less likely to closely scrutinize the misstatements or expand the audit in these areas, and more likely to overlook red flags of the risk of fraud. On the other hand, incorporating the fuzzy logic approach allows the auditor to make different assessments, relative to both quantitative and qualitative factors, for each misstatement.
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A New Approach to Assessing Materiality

Introduction

Two difficulties that auditors face in assessing materiality are (1) the need to make a binary decision (material vs. not material), and (2) the incorporation of qualitative factors.  In this paper, we show how a fuzzy logic expert system (1) permits auditors to assess materiality on a scale from zero to one, and (2) allows for explicit consideration of important qualitative factors relevant to materiality.
In practice, the auditor must make a binary decision for each omission and misstatement (both individually and in the aggregate): it is either material, or it is not.  This stark contrast divides the set of all omissions and misstatements into two subsets: those that are material, and those that are not.  We believe that this is an oversimplification.  We propose an alternative model that uses fuzzy logic, in which omissions and misstatements possess a degree of membership in the set of all material omissions and misstatements.  Put another way, each omission or misstatement is material to a greater or lesser degree, measured on a scale from zero to one.

Auditors tend to view materiality as a quantitative concept – the larger the fluctuation, the more likely the auditor is to consider it material.  This is natural since size is easier to measure and analyze than nonquantitative factors.  However, both the SEC and the FASB recognize that such thresholds and rules of thumb can be useful starting points, but that “exclusive reliance on (numerical thresholds) has no basis in accounting literature or law.”  Indeed, materiality assessment requires the consideration of many qualitative factors beyond the size of the misstatement or omission.
  The SEC Staff Accounting Bulletin No. 99 lists several qualitative factors that “render material a quantitatively small misstatement of a financial statement item.”  These include
· “whether the misstatement arises from an item capable of precise measurement or whether it arises from an estimate and, if so, the degree of imprecision inherent in the estimate

· “whether the misstatement masks a change in earnings or other trends 

· “whether the misstatement hides a failure to meet analysts' consensus expectations for the enterprise 

· “whether the misstatement changes a loss into income or vice versa

· “whether the misstatement concerns a segment or other portion of the registrant's business that has been identified as playing a significant role in the registrant's operations or profitability

· “whether the misstatement affects the registrant's compliance with regulatory requirements

· “whether the misstatement affects the registrant's compliance with loan covenants or other contractual requirements

· “whether the misstatement has the effect of increasing management's compensation – for example, by satisfying requirements for the award of bonuses or other forms of incentive compensation

· “whether the misstatement involves concealment of an unlawful transaction.”

The FASB has also emphasized that materiality is not strictly a quantitative concept (FASB Statement of Financial Accounting Concepts No. 2).  In fact, they rejected a formulaic approach for determining materiality in favor of one that incorporates all relevant circumstances.

Typically, qualitative factors are more difficult to assess than the size of the misstatement or omission.  Qualitative factors often require subjective judgment and evaluation in light of other information that may not be readily available to the auditor during the audit, such as whether the misstatement or omission hides the failure to meet analysts’ consensus expectations for the enterprise.  Qualitative factors may also require considerable effort to evaluate properly.

Consequently, auditors tend to rely on quantitative evaluations and do so using simplistic numerical thresholds and rules of thumb.  We reviewed the materiality worksheets of three national public accounting firms and found no specific guidance regarding how to evaluate the qualitative factors in the materiality assessment process.  One worksheet made no mention at all of qualitative factors.  A second worksheet reminded the auditor to consider such factors but only provided a single example, that of an illegal payment.  The third worksheet listed the qualitative factors from SEC Staff Accounting Bulletin No. 99 but provided no methodology for incorporating such factors into the overall materiality assessment.  Thus, we believe that qualitative factors, while recognized as important, are likely to be overlooked.

Fundamentals of Fuzzy Logic

Zadeh (1965) was the first to introduce the concepts of fuzzy sets and fuzzy logic.  He and his followers developed an axiomatic paradigm that generalizes the classical concept of a set by allowing an item to have partial membership in a set, as opposed to being either entirely in the set or entirely out of the set.

In a simple example, consider the set of all tall men.  The classical approach requires that we establish a threshold, say six feet, and declare that a man is tall if and only if he is at least six feet tall.  We might well be concerned about declaring a man to be tall if he is six feet tall but not if he is five feet and 15/16th inches tall.  Do we really mean to be so arbitrary?
  Using the fuzzy logic approach, we might assign membership in the set of all tall men equal to zero to a man who is five feet tall, membership equal to one to a man who is seven feet tall, and membership equal to 0.5 to a man who is six feet tall.  Figure 1 shows one such membership function.

[Figure 1 about here]

The classical logical functions NOT, OR, and AND are built on the classical theory of sets.  For example, we might be interested in the set of all men who are both tall AND wealthy.  Classical logic stipulates that a man must be a member of two sets, namely, the set of tall men (at least six feet tall) and the set of wealthy men, which we may define as having net personal wealth of at least one million dollars.  In a parallel fashion, fuzzy logic computes the membership of a man in the set of all men who are both tall and wealthy using the man’s membership in the individual sets of all tall men and all wealthy men.  For example, suppose that a man has 0.6 membership in the set of tall men and 0.2 membership in the set of wealthy men.  Then he would have 0.2 (the minimum of 0.6 and 0.2) membership in the set of tall AND wealthy men.  Similarly, he would have 0.6 (the maximum of 0.6 and 0.2) membership in the set of tall OR wealthy men.  Finally, he would have 0.4 (=1–0.6) membership in the set of men who are NOT tall.  Thus, we can perform all of the standard logic operations using the principles of fuzzy logic.

With regard to materiality assessment, the auditor must make a binary decision for each omission and misstatement: it is either material, or it is not.  This stark contrast, based on classical logic, divides the set of all omissions and misstatements into two subsets: those that are material, and those that are not.  We believe that this is an oversimplification.  We propose an alternative model that uses fuzzy logic, in which omissions and misstatements possess a degree of membership in the set of all material omissions and misstatements.  Put another way, each omission or misstatement is material to a greater or lesser degree, measured on a scale from zero to one.

In the next section, we describe how fuzzy rule-based expert systems operate and how they differ from classical rule-based expert systems.  We then describe a fuzzy rule-based expert system that an auditor might use to assess the materiality of a given omission or misstatement.

Classical and Fuzzy Rule-Based Expert Systems

Think of a rule-based expert system as an advisory board consisting of many, perhaps hundreds, of advisors.  In our application, the auditor – the decision maker – would ask each advisor to review a given omission or misstatement and decide whether it is material.  Imagine that each advisor focuses on only one aspect of the omission or misstatement in making this determination.  For example, one advisor may consider only the size of the omission or misstatement, whereas a second advisor may consider only the extent to which it increases management compensation.  Thus, each advisor represents one of the rules in the expert system.  Finally, the decision maker would assimilate the various opinions of the advisors and reach a conclusion on the materiality of the omission or misstatement.  In doing so, the decision maker would also incorporate his or her assessment of the aptitude of the advisor in making materiality judgments.

In a classical system, each advisor would be required to make a binary decision: the omission or misstatement is material or it is not material.  For example, the first advisor above may respond that, based on the size of the omission or misstatement, that the omission is not material while the second advisor may say that, because it increases management compensation, it is material.

In a fuzzy system, each advisor would be allowed to express his or her materiality judgment as a real number between zero and one, with one representing the judgment that the omission or misstatement is material, and with zero representing the judgment that it is not material.  For example, the first advisor above may respond that, based on the medium size of the omission or misstatement, it has 0.4 membership in the set of material omissions and misstatements, while the second advisor may say that, because it increases management compensation, it has 0.9 membership in the set of material omissions and misstatements.  These represent initial materiality assessments that will be modified later based on the aptitude of the advisor.

In a classical system, every rule is assumed valid, meaning that every advisor’s viewpoint is assumed equally relevant to the materiality assessment.  In a fuzzy system, each rule may not be equally valid, meaning that not every rule is equally relevant to the materiality assessment.  The decision maker must assign a validity value to each rule, which corresponds to the auditor’s assessment of the aptitude of the advisor.  For example, the auditor may assign a 0.35 validity value to the rule:

IF (Size of Misstatement is Medium) THEN (Misstatement is Material)

and a 0.85 membership to the rule:

IF (Misstatement Increases Management Compensation) THEN (Misstatement is Material)

Thus, the auditor believes that the fact that a misstatement increases management compensation provides greater evidence of materiality than the fact that it is a medium-sized misstatement.

In the fuzzy system, the auditor then multiplies the initial materiality membership produced by each rule by its validity to produce the misstatement’s final materiality as assessed by the rule:

Final Materiality Assessment=(Initial Materiality Assessment)*(Validity of Rule)

For example, for the rule involving medium size, the auditor would multiply the initial materiality membership of 0.4 by the rule’s validity of 0.35 to produce a final materiality assessment of 0.14 for the medium size rule.  Similarly, for the rule involving increase in management compensation, the auditor would multiply the initial materiality membership of 0.9 by the rule’s validity of 0.85 to produce a final materiality assessment of 0.765 for the management compensation rule.  No such computations are required in the classical system.

In the classical system, the rules produce a collection of binary (material or not material) assessments, one for each rule.  In the fuzzy system, the rules produce a collection of materiality assessments that lie between zero and one.  The last step is to assimilate the final assessments produced by the rules into an ultimate materiality assessment.  The standard approach is to select the maximum final materiality assessment produced by any rule:

Ultimate Materiality Assessment = Max{Final Materiality Assessment of all Rules}

In the classical system, the misstatement would be assessed as material if one or more of the rules indicated that the misstatement was material.  In the fuzzy system, if the two fuzzy rules above constituted the entire fuzzy expert system, then the ultimate materiality assessment would be the maximum of 0.14 and 0.765, or 0.765.  Thus, the auditor would conclude that the misstatement has a 0.765 membership in the set of material misstatements.

How to Use Fuzzy Materiality Assessments

Each accounting firm may decide on its policy on how to convert fuzzy materiality assessments into audit actions.  One approach is to interpret fuzzy materiality assessments as follows:

	Materiality Assessment
	Category

	0 to 0.2
	Very Low

	0.2 to 0.4
	Low

	0.4 to 0.6
	Moderate

	0.6 to 0.8
	High

	0.8 to 1
	Very High


In our example, the auditor would conclude that the misstatement rates as High on the materiality scale, indeed close to Very High.  The firm’s policy would then dictate the appropriate actions for the auditor to follow whenever a misstatement exhibits a given materiality assessment category.
How to Design a Fuzzy Logic Expert System to Assess Materiality

An effective fuzzy logic expert system to assess materiality must incorporate rules that capture both the quantitative and the qualitative aspects of a misstatement.  The quantitative aspects should include both the size of the misstatement and the precision with which it is measured.  The qualitative aspects should include those listed earlier in this paper.

Suppose the system identifies five fuzzy sets for the size of the misstatement, and calls the fuzzy sets Very Small, Small, Medium, Large, and Very Large.  The system might also introduce five fuzzy sets for the precision with which the misstatement is measured, and call them Very Low, Low, Moderate, High, and Very High (see Table 1).  Finally, suppose the system defines five fuzzy sets for each of the qualitative factors listed earlier, and calls them Not at All, Slightly, Moderately, Considerably, and Completely (see Table 2).

[Table 1 about here]

[Table 2 about here]

Assume that the system establishes fuzzy rules of the following types:

A. IF (Size is X AND Precision is Y) THEN (Misstatement is Material), and

B. IF (Qualitative Factor is Z) THEN (Misstatement is Material) 

where X, Y, and Z represent the names of the fuzzy sets associated with the corresponding factors.  Then there would be 25 rules of Type A, one for each combination of the five sizes and the five levels of precision, and 40 rules of Type B, one for each of the 5 fuzzy sets associated with each of the 8 qualitative factors.

We point out that, even though this expert system contains 65 rules, the auditor needs to make only ten judgments, one each for size and precision, and one for each of the qualitative factors.  In general, the expert system may contain hundreds of rules while requiring only a small number of auditor assessments.

The system must also establish validities for the 25 rules concerning size and precision and for the 40 qualitative rules.  For each of the 65 rules, the final membership of the misstatement in the fuzzy set Material equals the product of the rule’s initial materiality assessment times the validity of the rule.

Finally, the auditor computes the ultimate materiality value of the misstatement by computing the maximum value of the 65 final materiality memberships.  The auditor may find it informative to compute two maximum values, one for the quantitative rules and one for the qualitative rules.
The appendix contains a detailed example that contrasts the classical approach to assessing materiality with the fuzzy logic approach.

Discussion and Conclusions

Auditors routinely encounter several misstatements during the course of an audit, each of which requires a binary materiality assessment, that is, the auditor classifies each misstatement (and the aggregate of all misstatements) as either material or not material.  We propose that materiality be assessed as a continuous characteristic by allowing a misstatement to possess a degree of materiality between 0 and 1.  This allows the auditor more flexibility and precision in materiality assessment, and greater insight regarding subsequent testing and investigation.

Traditionally, auditors rely on quantitative rules of thumb and pay less attention to qualitative factors.  We have demonstrated that a fuzzy expert system can help the auditor incorporate qualitative factors into the materiality assessment of each misstatement and identify which misstatements are most worthy of further investigation.

By providing a formal model structure, the fuzzy expert system formalizes and documents the materiality assessment process.  It requires the auditor to evaluate each qualitative and quantitative factor explicitly.  It also requires that the system designers state each rule specifically and assign validities to each rule unambiguously.  This facilitates better communication within the audit team and with the client, and enhances process consistency across auditors, engagements, and years.

 To build a valid and reliable fuzzy expert system to assess materiality, auditing experts need to carefully extract the quantitative and qualitative factors that auditors should apply, the fuzzy rules they should use, and the validities of these fuzzy rules.  Once the initial design is complete, we may incorporate a formal feedback system, such as those found in neural networks, to enable the fuzzy expert system to learn from its mistakes and improve its future performance.  Thus, if materiality assessments later prove to be inaccurate, the fuzzy expert system can modify itself to improve future assessments of similar situations.

We consider the expert system illustrated in the paper to be an elementary prototype system.  It represents a system that produces materiality assessments and is suitable for testing and evaluation.  We certainly do not claim that it is in any way optimal or even that it necessarily is better than current practice without further refinement, as we have no evidence to support such a claim.

In today’s Sarbanes-Oxley era and increased auditor’s responsibility, where auditors are expected to do a more thorough job in assessing the risk of material misstatements there may be value in considering the adoption of the fuzzy logic approach. As illustrated in this case study and shown in Table A1, an auditor using the classical approach would likely consider all the misstatements to be immaterial, both individually and in aggregate.  While the auditor might require management to make the appropriate adjustments, the lack of materiality may prevent the auditor from more closely scrutinizing these misstatements or expanding the audit in these areas.  If management had in fact intentionally overstated the financial statements to keep the current ratio in compliance with the firm’s debt covenant or to meet the analyst consensus forecast using the classical method for assessing materiality, the auditor would likely have considered the misstatements to be immaterial.

On the other hand, incorporating the fuzzy logic approach would allow the auditor to make different assessments. Table A8 shows the maximum materiality values relative to quantitative and qualitative factors for each misstatement using the fuzzy logic approach.  Only the receivables overstatement seems to be moderately material when considering only quantitative factors.  However, when considering the qualitative factors outlined above, all of the misstatements appear to be substantially material and would thus provide red flags to the auditor that management may be deliberately overstating earnings, earnings per share, the current ratio, and management compensation.  In this case the maximum values shown in Table A8 are all associated with qualitative factor 3, i.e., the respective misstatements affect the loan covenants by reducing the current ratio below 2.  As demonstrated earlier, this would have been more likely to be overlooked by the auditor using a classical approach for materiality assessments.
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Figure 1: Membership function for the set, T, of tall men.

	Quantitative Factor
	

	Size of the misstatement
	Very Small
	Small
	Medium
	Large
	Very Large

	Precision with which the misstatement is measured
	Very Low
	Low
	Moderate
	High
	Very High


Table 1: Fuzzy sets for the size of the misstatement and the precision with which it is measured.

	
	Qualitative Factor
	Not at All
	Slightly
	Moderately
	Considerably
	Completely

	The extent to which the misstatement …
	masks a change in earnings or other trends
	
	
	
	
	

	
	hides a failure to meet analysts' consensus expectations for the enterprise
	
	
	
	
	

	
	changes a loss into income or vice versa
	
	
	
	
	

	
	concerns a segment or other portion of the registrant's business that has been identified as playing a significant role in the registrant's operations or profitability
	
	
	
	
	

	
	affects the registrant's compliance with regulatory requirements
	
	
	
	
	

	
	affects the registrant's compliance with loan covenants or other contractual requirements
	
	
	
	
	

	
	has the effect of increasing management's compensation
	
	
	
	
	

	
	involves concealment of an unlawful transaction
	
	
	
	
	


Table 2: Fuzzy sets for the qualitative factors.

Appendix – Detailed Example 
Assume the client is a publicly traded chain store in the retail industry.  The industry has been experiencing a high degree of competition and many similar chain stores have been going out of business in the last few years.  Below are key numbers from the company’s unaudited financial statements for the 2004 fiscal year.

	Balance Sheet data In millions, except per share amounts
	9/30/04
	Income Statement data In millions, except per share amounts
	9/30/04

	Cash and cash equivalents
	623
	Net sales
	7060

	Receivables (net)
	1214
	Cost of goods sold
	5300

	Inventories
	4030
	Gross margin
	1760

	Other current assets 
	303
	Selling, general, and administrative expenses
	1480

	Total current assets
	6170
	Depreciation and amortization
	91

	Property, Plant, & Equip. (net)
	2840
	Net income from operations
	189

	Other assets
	4343
	Interest expense
	5

	Total Assets
	13353
	Net income before taxes
	184

	Accounts payable
	        2500
	Income taxes
	130

	Accrued expenses
	529
	Net income
	54

	Current portion of long term debt
	34
	Weighted average common shares outstanding
	243

	Total Current Liabilities
	3063
	Earnings Per Share 
	0.22

	Current ratio
	2.01
	
	

	Long term debt
	457
	
	

	Other long term liabilities
	468
	
	

	Total liabilities
	3988
	
	

	Total Stockholders Equity
	9365
	
	

	Total Liabilities and Stockholders Equity
	13353
	
	


Other relevant information: 

· The auditors calculated planning materiality as the smaller of 5 percent of net income before taxes ($184,000,000 x 0.05 = $9,200,000) or ½ percent of total assets ($13,353,000,000 x 0.005 = $66,765,000) resulting in a planning materiality of $9,200,000.
· A loan covenant agreement requires the company to maintain a working capital ratio of 2.0 or more. 

· The consensus analysts earnings forecast for the company predicted an earnings per share of 0.20.
· Managers of each division receive bonuses based on revenues for the year
· During the audit the auditors discovered the following misstatements: 
A. Credit sales adding up to $2,100,000 that had been recorded as of the last day of the current year but shipping documents revealed that they had not been shipped until the new period (receivables and revenue overstatement).
B. After analyzing the allowance for doubtful accounts, the auditors felt that it should be increased by $1,900,000 (net receivables overstatement and bad debt expense understatement).
C. During the inventory observation, it was discovered that items included in inventory totaling $1,700,000 were actually obsolete (inventories overstatement and cost of goods sold understatement).

D. The auditors found that the client had miscalculated accrued interest by $500,000 (liabilities and interest expense understatement).

Estimating materiality – Classical System

Under the classical system, there are several approaches the auditor might take in assessing materiality:

1. At a minimum the auditor would make a binary decision relative to materiality for each misstatement discovered during the audit and thus classify the misstatement as material or not material based on whether it equals or exceeds the auditor’s predetermined level of planning materiality.  This involves precise calculations and is easy to measure.  However, the auditor’s chosen level of materiality involves subjectivity because it is based on the auditor’s judgment and will differ from auditor to auditor.

2. The auditor should further aggregate all the misstatements to determine if they are material in aggregate, even if each one is individually found to be immaterial.

3. Furthermore, according to Generally Accepted Auditing Standards, the auditor should also consider qualitative factors.  Based on the facts in this case, these include:

1. The misstatement causes earnings per share to fall below the analysts’ consensus forecasts of 0.20. 

2. The misstatement changes a net income to a net loss.

3. The misstatement reduces the current ratio below 2, thus causing the client to violate the debt covenant agreement.

4. The misstatement caused an increase in manager’s compensation, which is based on revenues for the year.

5. The misstatement arises from an item that cannot be precisely measured.

Assuming that a good auditor would do all of the above, using these rules the misstatements found would be classified as follows: 
A.  Overstatement of $2,100,000 of credit sales.

Quantitative evaluation

· The item is less than planning materiality of $9,200,000 and is thus not material.
· The misstatement arises from a transaction that can be precisely measured and thus is not material.
Qualitative evaluation

· Accounts receivable will decrease by $2,100,000 but the current ratio will remain at 2.01 – not material.

· Sales will decrease by $2,100,000 and net income will be reduced to $51.9 million – not material.

· Earnings per share will be reduced to .21 which is above the consensus forecast – not material.

· Sales will decrease by $2,100,000 thus decreasing management’s compensation.  This may be considered material.  However, since the amount of the misstatement is considered immaterial, it is likely that the auditor may consider the increase in management’s compensation to be immaterial as well.  However, this would ultimately depend on the percentage of revenues added to management’s compensation.

B. Understatement of $1,900,000 to the allowance for doubtful accounts.

Quantitative evaluation

· The item is less than planning materiality of $9,200,000 and is thus not material.
· The misstatement arises from an item that cannot be precisely measured – may be material.  However, using the classical approach the auditor may not give this substantial consideration in determining materiality since many financial statement numbers are the results of estimates.
Qualitative evaluation

· Net accounts receivable will decrease by $1,900,000 but the current ratio will remain at 2.01 – not material.
· Bad debts expense will increase by $1,900,000 and net income will be reduced to $52.1 – not material.
· Earning per share will be reduced to 0.21, which is above the consensus forecast – not material.
· Revenues will not be affected; thus, management’s compensation will remain unchanged – not material.

C. Overstatement of inventory totaling $1,700,000 due to obsolete inventory.

Quantitative evaluation

· The item is less than planning materiality of $9,200,000 and is thus not material.
· The misstatement does not arise from an item that cannot be precisely measured – not material.
Qualitative evaluation
· Inventory will decrease by $1,700,000 but the current ratio will remain at 2.01 – not material.

· Cost of goods sold will increase and gross profit and net income will decreased by $1,700,000 and net income will be reduced to $52.3 million – not material.
· Earnings per share will be reduced to 0.215, which is above the consensus forecast – not material.

· Revenues will not be affected; thus, management’s compensation will remain unchanged – not material.

D. Understatement of accrued interest by $500,000.

Quantitative evaluation

· The item is less than planning materiality of $9,200,000 and is thus not material.
· The misstatement does not arise from an item that cannot be precisely measured – not material.
Qualitative evaluation

· Accrued interest payable will increase by $500,000 but the current ratio will remain at 2.01 – not material.

· Earnings per share will remain at 0.22, which is above the consensus forecast – not material.

· Interest expense will increase and net income will decrease by $500,000 and net income will decrease to $53.5 million – not material.
· Revenues will not be affected thus management’s compensation will remain unchanged – not material.
Table A1: Summary of qualitative and quantitative factors to evaluate materiality under the classical approach
	
	Misstatement
	Quantitative

Factor 1
	Quantitative Factor  2
	Qualitative Factor 1
	Qualitative Factor 2
	Qualitative

Factor 3
	Qualitative

Factor 4

	
	
	Exceeds planning materiality of $9,200,000
	Cannot be precisely measured
	Reduces EPS below 0.20
	Changes net income to net loss
	Reduces current ratio below 2
	Reduces management compensation

	A
	Credit sales overstated by $2,100,000
	Not Material
	Not Material
	Not Material
	Not Material
	Not Material
	May be Material

	B
	Allowance for doubtful accounts understated by $1,900,000
	Not Material
	May be Material
	Not Material
	Not Material
	Not Material
	Not Material

	C
	Inventory overstated by $1,700,000
	Not Material
	Not material
	Not Material
	Not Material
	Not Material
	Not Material

	D
	Accrued interest understated by $500,000
	Not Material
	Not material
	Not Material
	Not Material
	Not Material
	Not Material

	
	Aggregate affect of all four misstatements
	Not material
	N/A
	0.1967, which rounds to 0.20, but is slightly below the forecast

May be material
	Not material
	Not material 
	Not Material


Table A2: Fuzzy set materiality membership assignments for size of the misstatement and precision with which it is measured.
	
	Misstatement
	Quantitative Factor 1 Size of misstatement
	Very Small
	Small 
	Medium 
	Large 
	Very Large 

	
	
	Quantitative Factor 2 Precision with which the misstatement is measured
	Very Low 
	Low 
	Moderate 
	High
	Very High 

	A
	Credit sales overstated
	Size: $2,100,000 
	
	0.9
	0.1
	
	

	
	
	Precision: Very high
	
	
	
	0.2
	0.8

	B
	Allowance understated
	Size: $1,900,000
	
	0.9
	0.1
	
	

	
	
	Precision: Low 
	0.8
	0.2
	
	
	

	C
	Inventory overstated
	Size: $1,700,000
	0.1
	0.9
	
	
	

	
	
	Precision: Moderate
	
	
	0.8
	0.2
	

	D
	Accrued interest understated
	Size: $500,000
	0.8
	0.2
	
	
	

	
	
	Precision: High
	
	
	0.2
	0.8
	



FUZZY LOGIC APPROACH

Table A3: Fuzzy set materiality membership assignments for the qualitative factors
	
	Misstatement
	Rule
	Qualitative Factor
	Not at All
	Slightly
	Moderately
	Considerably
	Completely

	A
	Credit sales/receivables overstated
	1
	hides a failure to meet analysts' consensus expectations of earnings per share for the enterprise
	
	0.6
	0.4
	
	

	
	
	2
	changes a loss into income or vice versa
	0.7
	0.3
	
	
	

	
	
	3
	affects the registrant's compliance with loan covenants or other contractual requirements
	
	0.6
	0.4
	
	

	
	
	4
	has the effect of increasing management's compensation
	
	0.5
	0.5
	
	

	B
	Allowance understated
	1
	hides a failure to meet analysts' consensus expectations for the enterprise
	
	0.65
	0.35
	
	

	
	
	2
	changes a loss into income or vice versa
	0.75
	0.25
	
	
	

	
	
	3
	affects the registrant's compliance with loan covenants or other contractual requirements
	
	0.65
	0.35
	
	

	
	
	4
	has the effect of increasing management's compensation
	0.8
	0.2
	
	
	

	C
	Inventory overstated
	1
	hides a failure to meet analysts' consensus expectations for the enterprise
	
	0.7
	0.3
	
	

	
	
	2
	changes a loss into income or vice versa
	0.8
	0.2
	
	
	

	
	
	3
	affects the registrant's compliance with loan covenants or other contractual requirements
	
	0.7
	0.3
	
	

	
	
	4
	has the effect of increasing management's compensation
	0.8
	0.2
	
	
	

	D
	Accrued interest understated
	1
	hides a failure to meet analysts' consensus expectations for the enterprise
	0.1
	0.9
	
	
	

	
	
	2
	changes a loss into income or vice versa
	0.8
	0.2
	
	
	

	
	
	3
	affects the registrant's compliance with loan covenants or other contractual requirements
	0.1
	0.9
	
	
	

	
	
	4
	has the effect of increasing management's compensation
	0.8
	0.2
	
	
	


TABLE A4 – Panel 1

Validities for Size and Precision Rules

	
	Precision

	
	Very Low
	Low
	Moderate
	High
	Very High

	Size
	Very Small
	0
	0
	0.05
	0.10
	0.20

	
	Small
	0
	0
	0.30
	0.40
	0.60

	
	Medium
	0.20
	0.40
	0.70
	0.80
	0.90

	
	Large
	0.40
	0.60
	0.80
	1.00
	1.00

	
	Very Large
	0.60
	0.80
	0.90
	1.00
	1.00


TABLE A4 – Panel 2

Validities for the Qualitative Factor Rules

	
	Rule
	Qualitative Factor
	Not at All
	Slightly
	Moderately
	Considerably
	Completely

	The extent to which the misstatement….
	1
	Hides failure to meet analysts’ expectations
	0
	0.85
	0.90
	1.00
	1.00

	
	2
	Changes a loss to income or vice versa
	0
	0.90
	0.95
	1.00
	1.00

	
	3
	Effects loan or contract compliance
	0
	0.90
	0.95
	1.00
	1.00

	
	4
	Increases management compensation
	0
	0.70
	0.90
	1.00
	1.00



TABLE A5

Truth Values for the Rules Involving Size and Precision *

	
	Precision

	
	Very Low
	Low
	Moderate
	High
	Very High

	Size
	Very Small
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A        0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C    0.08 
	D    0.16
	C    0.02
	D    0.64
	C        0
	D         0

	
	Small
	A         0
	B    0.72
	A         0
	B    0.18
	A         0
	B         0
	A    0.18
	B         0
	A   0.72
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C    0.72
	D    0.04
	C    0.18
	D    0.16
	C        0
	D         0

	
	Medium
	A         0
	B    0.08
	A         0
	B    0.02
	A         0
	B         0
	A    0.02
	B         0
	A    0.08
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0

	
	Large
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0

	
	Very Large
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0


Where:

A = Credit sales - o/s

B = Allowance – u/s

C = Inventory – o/s

D = Accrued Interest – u/s
* Each truth value is the product of the corresponding membership in the size and precision fuzzy sets as shown in Table A2.
TABLE A6

Materiality Membership Relative to Size and /Precision*

	
	Precision

	
	Very Low
	Low
	Moderate
	High
	Very High

	Size
	Very Small
	A         0
	B         0
	A         0
	B         0
	A         0
	B        0
	A         0
	B         0
	A        0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C  0.004 
	D  0.008
	C  0.002
	D  0.064
	C        0
	D         0

	
	Small
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A  0.072
	B         0
	A  0.432
	B         0

	
	
	C         0
	D         0
	C  0.018
	D         0
	C  0.216
	D  0.012
	C  0.072
	D  0.064
	C        0
	D         0

	
	Medium
	A         0
	B  0.016
	A         0
	B  0.008
	A         0
	B         0
	A  0.016
	B         0
	A  0.072
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0

	
	Large
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0

	
	Very Large
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0
	A         0
	B         0

	
	
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0
	C         0
	D         0


Where:

A = Credit sales - o/s

B = Allowance – u/s

C = Inventory – o/s

D = Accrued Interest – u/s

* Materiality memberships relative to size and precision were calculated by multiplying the validities from Table A4 – Panel 1 by the truth values in Table A5.
TABLE A7

Materiality Membership for Qualitative Factors*
	Rule
	Qualitative Factors
	Not at All
	Slightly
	Moderately
	Considerably
	Completely

	1
	Hides failure to meet analysts forecasts
	A      0
	B      0
	A   0.51
	B 0.5525
	A    0.36
	B   0.315
	A         0
	B          0
	A      0
	B      0

	
	
	C      0
	D      0
	C 0.595
	D   0.765
	C    0.27 
	D          0
	C         0
	D   0.064
	C      0
	D      0

	2
	Changes loss into net income
	A      0
	B      0
	A   0.27
	B   0.225
	A         0
	B          0
	A  0.072
	B          0
	A      0
	B      0

	
	
	C      0
	D      0
	C   0.18
	D     0.18
	C         0
	D          0
	C         0
	D   0.064
	C      0
	D      0

	3
	Affects loan covenants
	A      0
	B      0
	A   0.54
	B   0.585
	A    0.38
	B 0.3325
	A    0.38
	B          0
	A      0
	B      0

	
	
	C      0
	D      0
	C   0.63
	D     0.81
	C  0.285
	D          0
	C         0
	D          0
	C      0
	D      0

	4
	Increases mgmt compensation
	A      0
	B      0
	A   0.35
	B     0.14
	A    0.45
	B          0
	A    0.45
	B          0
	A      0
	B      0

	
	
	C      0
	D      0
	C   0.14
	D     0.14
	C         0
	D          0
	C         0
	D          0
	C      0
	D      0


Where:

A = Credit sales - o/s

B = Allowance – u/s

C = Inventory – o/s

D = Accrued Interest – u/s

*Materiality memberships for the qualitative factors were calculated by multiplying the membership assignments for the qualitative factors from Table A3 by the validities for the qualitative factors from Table A4 – Panel 2. 

Shaded cells represent maximum materiality assessment for each of the four misstatements.

TABLE A8

Final Materiality Assessments for Each Misstatement Using Fuzzy Logic Approach
	Misstatement
	Maximum materiality membership relative to size/precision

From Table A6
	Maximum materiality membership relative to the qualitative factors

From Table A7

	A
	Receivables/

sales overstatement of $2,100.000
	0.432
	0.540

	B
	Allowance for doubtful accounts u/s of $1,900,000
	0.016
	0.585

	C
	Inventory o/s of $1,700,000
	0.216
	0.630

	D
	Accrued Interest u/s by $500,000
	0.064
	0.810








� We consider misstatements, in which a numerical or textual item is reported incorrectly, and omissions, in which a required item is absent from the financial statement.  Both of these are errors, which may or may not be material.


� In some cases, a simple arbitrary cutoff may well serve the purpose, as in deciding whether a piece of luggage qualifies as carry-on luggage.  If the piece exceeds a certain dimension, it simply will not fit into the overhead compartment.
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